ABSTRACT: Secondary plant biomolecules are the main agents in biochemical interactions between plants and the environment. It is possible to distinguish the role of secondary biomolecules in allelopathic (plant-plant) activity, plant-insect, plant-microbe, plant-herbivore and others. These interactions can significantly affect the productivity of agricultural crops. Application of allelochemicals into agricultural practice may reduce the use of herbicides. Effect of Salvia sclarea L. and Clinopodium menthifolium (Host) aqueous extracts on lipid peroxidation process, as well as the activity of antioxidant enzymes in leaves and roots of Jimson weed (Datura stramonium L.) and soybean (Glycine max L.) seedlings were examined 24 h, 72 h and 120 h after the treatment. The third aim was to evaluate effectiveness of aqueous extract as contact toxicant against Rhyzopertha dominica. Our results showed that S. sclarea aqueous extract induced lipid peroxidation in roots of Jimson weed seedlings 24 h after the treatment. Furthermore, both tested concentrations of C. menthifolium aqueous extract induced lipid peroxidation in Jimson weed roots 72 h and 120 h after the treatment. It was observed that S. sclarea aqueous extract showed toxic effect against R. dominica, with high mortality rate (above 95%).
INTRODUCTION
The term allelopathy, originating from the Greek word "allelon" meaning "each other" and "pathos" meaning "suffering", was coined by plant physiologist Hans Molisch to include biochemical interactions among all types of plants. In 1974, Rice defined allelopathy as the effects of one plant on other plants through the release of chemical compounds in the environment (Bhadoria 2011) . Chemicals that impose allelopathic influences, called allelochemicals, are secondary plant metabolites that have role in plant-plant, plant-soil, plantinsect and plant-predator interaction (Sharma and Satsangi 2013) . They are present in almost all plants and a lot of tissues, like leaves, stems, flowers, fruits, seeds and roots (Gella et al., 2013) . Allelochemicals have detrimental effects on the growth of associated crops or, in other words, chemicals produced by invasive plants can inhibit the growth of competing vegetation. Secondary metabolites produced by invasive plants can also contribute to pest resistance (Li et al., 2010) . One of the main effects of allelochemicals on target plants is the excess production of reactive oxygen species (ROS), molecules very toxic to cells (Bogatek and Gniazdowska 2007) . The accumulation of ROS is accompanied by the activation of the cellular antioxidant system. Enzymes, such as superoxide dismutase (SOD), catalase (CAT) and peroxidases, play important roles in protecting cell against reactive oxygen species (Kuthan et al., 1986) .
The aim of this study was to examine the effects of Clinopodium menthi folium (Host) and Salvia sclarea L. aqueous extract on Jimson weed and soybean antioxidant properties, to explore the potential of these species in weed control as well as to assess the possible side effects when applied as bioherbicide in organic production. This study also aims at evaluating the effectiveness of aqueous extract as contact toxicant against Rhyzopertha dominica.
MATERIALS AND METHODS

Plant material and aqueous extract preparation
The wild, aromatic plant, Clinopodium menthifolium (Host) was collected at Čanj locality near the Adriatic coast in Montenegro in May, 2012. The aerial parts of the flowering plant Salvia sclarea L. were collected in the south of Serbia (Preševo), in July, 2012. Voucher specimen of collected plants was confirmed and deposited at the Herbarium of The Department of Biology and Ecology, Faculty of Science, University of Novi Sad. The air-dried plant materials were ground into powder. The powdered materials (10 g) were extracted in 100 ml distilled water (10% w/v). After 24 h, the extracts were filtered through filter paper and kept at 4 °C until application.
Seedling growth
The Jimson weed (Datura stramonium L.) and soybean (Glycine max L.) seeds were grown in a controlled climate chamber at 28 o C, 60% relative humidity, a photoperiod of 18 h, and a light intensity of 10,000 lx, in plastic pots containing sterile sand. After 30 days, the seedlings were transplanted in plastic pots containing 700 ml of Hoagland's solution prepared according to Hoagland & Arnon, as well as 7 ml and 14 ml of aqueous extract, while control pots contained the same volume of nutrient solution. Seedlings were harvested for determining the investigated biochemical parameters 24 h, 72 h and 120 h after the treatments.
Biochemical assays
For the determination of the oxidative stress parameters, 2 g of fresh plant material were homogenized in 10 ml of phosphate buffer (0.1 M, pH 7.0). Homogenates were centrifuged for 20 minutes at 10,000 x g and filtered. The supernatants were used for biochemical assays.
Lipid peroxidation was measured at 532 nm using the thiobarbituric acid (TBA) test (Mandal et al., 2008) . The total amount of TBA-reactive substances was given as nmol malondialdehyde (MDA) equivalents mg -1 protein. Catalase (CAT) (EC 1.11.1.6) activity was determined according to Sathya and Bjorn (2010) . The decomposition of H 2 O 2 was followed as a decrease in absorbance at 240 nm. The activity of the enzyme was expressed as U mg -1 of protein. Superoxide dismutase (SOD) (EC 1.15.1.1) activity was assayed according to the method by Mandal et al. (2008) slightly modified by measuring its ability to inhibit photochemical reduction of nitro blue tetrazolium (NBT) chloride. One unit of the SOD activity was defined as the amount of enzymes required to inhibit reduction of NBT by 50%. Peroxidase (EC 1.11.1.7) activity was measured using guaiacol (guaiacol peroxidase; GPx) and pyrogallol (pyrogallol peroxidase; PPx) as substrates according to Morkunas and Gmerek (2007) . The activity of the enzyme was expressed as U mg -1 of protein.
Statistical analyses
Values of the biochemical parameters were expressed as standard error of the mean of determinations made in triplicates and tested by ANOVA followed by comparison of the mean by Duncan's multiple range test (P<0.05). Data were analyzed using STATISTICA for Windows version 11.0.
Insects
Rhyzopertha dominica is one of the most important stored grain pests in the world (Guedes et al., 1996) . The experiment on the adult of Rhyzopertha dominica (Coleoptera: Bostrichidae) was carried out at the Faculty of Agriculture, University of Novi Sad.
Contact test: For assessment of contact insecticidal activity, a method described by Kouninka et al. (2007) was used. In glass tubes, previously "rinsed" with plant extracts, 10 adults of R. dominica (seven to ten days old) were inserted. The tubes were sealed with parafilm and placed in a horizontal position so the insects could move along the wetted tube wall. The tubes were incubated in a thermostat at 28 °C in the dark. The mortality was assessed after 24 h and 48 h by counting the number of dead and paralyzed adults.
Contact-digestive test: A contact-digestive insecticidal effect of tested extracts was evaluated in a "No-choice" test, according to Obeng-Ofer and Reichmuth (1997) . 40 g of wheat grains were treated with a specific concentration of each aqueous extract, in the ratio of 3 ml per 100 g. The treated grain was left to dry for 2 h at room temperature, and after drying, it was divided into four equal portions, representing four replicates (10 g of grains per replicate) and placed in Petri dishes along with 20 adults. Mortality was evaluated after 48 h and 72 h by counting the number of dead and paralyzed adults.
Statistical analysis: The results were analyzed using Duncan's multiple range test, for confidence interval 95%, in statistical software SPSS 17.
RESULTS
In the leaves of Jimson weed, the significant decrease in activity of SOD was detected in the treatment with both concentrations of S. sclarea aqueous extract 72 h after the treatment (Figure 1 ). The highest activity of GPx was observed in plants 72 h after the treatment with both concentrations of S. sclarea. In the roots of Jimson weed, the activity of SOD, GPx and PPx was significantly decreased 72 h after the treatments with S. sclarea extract ( Figure  2 ). The significant increase in CAT activity was recorded 72 h after the treatment with C. menthifolium extracts ( Figure 5 ). Statistically significant increase in MDA accumulation was recorded in roots of Jimson weed 24 h after the treatment with S. sclarea extract and 72 h after the treatments with C. menthi folium extract (Figure 2 and Figure 5 ).
Both tested concentrations of S. sclarea aqueous extract showed significant increase in the activity of SOD and CAT after 72 h in soybean roots as compared to control (Figure 3) . The significant increase in SOD, CAT and peroxidases activity was recorded 72 h after the treatment with higher concentration of C. menthifolium extract (Figure 6 ). The significant decrease in peroxidases activity and LP intensity was recorded in roots of soybean plants 120 h after the treatment (Figure 3 and Figure 6 ).
More effective formulation against R. dominica was S. sclarea aqueous extract with high mortality rate. In contact test the mortality rate of R. domi nica was almost 100% after 24 h ( Figure 7 ) and above 80% 72 h after the treatment in contact-digestive test (Figure 8 ). Concentration of 2% S. sclarea aqueous extracts exhibited a toxic effect with 100% mortality after 24 h. 
DISCUSSION
Allelochemicals can cause oxidative damage in target plants, producing ROS during response to allelopathic stress, as evidenced by enhanced activity of ROS-scavenging enzymes (Mutlu et al., 2011; Cruz -Ortega et al., 2007) . Therefore, antioxidant enzymes activity can be used as indicator of oxidative stress in plants (An et al., 2005) . Antioxidant enzymes activity in roots of Jimson weed was significantly affected by C. menthifolium aqueous extract. The significant increases of SOD, CAT and peroxidases activity were detected in the roots of Jimson weed treated with both concentrations of C. menthifolium aqueous extract. Some other authors reported changes in anti-oxidant enzymes activity in plants under oxidative stress (Lara-Nunez 2006) . Qian еt al. (2009) showed that allelochemicals triggered the synthesis of ROS to disrupt the subcellular structure of an aquatic organism such as Chlorella vulgaris.
For various plant species under oxidative stress, a significant increase of lipid peroxidation is observed. The accumulation of O 2 -as a result of inhibition of SOD activity in cells also can cause increased membrane lipid peroxidation (Mutlu et al., 2011) . Malondialdehyde (MDA) content, an end-product of lipid peroxidation process, is used as oxidant biomarker. Our results show that two tested extract concentrations of C. menthifolium and S.sclarea aqueous extracts affected lipid peroxidation in the roots of Jimson weed. The significantly higher accumulation of MDA in Jimson weed plants treated with plant extracts point to the fact that stress provoked by allelopathic substances was strong enough and scavenging effects of antioxidant enzymes could not prevent oxidative burst and induction of LP. Cruz -Ortega et al. (2007) documented the oxidative damage in the target plant caused by aqueous plant extract.
One of the main pests associated to stored grains is the smaller grain borer, Rhyzopertha dominica, that can attack wheat, barley, rice and oat which increases the need for efficient control (Guzzo et al., 2006) . The primary control of R. dominica and other stored-product insect populations is primarily dependent upon continued applications of insecticides (Kim et al., 2003; Guedes et al., 1996) . New interest in insect pest elimination in stored products has been shown in plant products (Rajendran and Sriranjini 2008) . Use of plants in pest management has been reported all over the world as they are convenient, less expensive, highly effective and safer for the environment (Gandhi and Pillai 2011) . In the present work, C. menthifolium and S. sclarea aqueous extracts were evaluated on R. dominica. More effective formulation was S. sclarea aqueous extract with mortality above 80%. Results of other authors have shown that different species of the genus Salvia have toxic effect on insects (ZavalaSánchez et al. 2013; Tomczyk and Suszko 2011) .
CONCLUSIONS
Our results showed that S. sclarea aqueous extract induced lipid peroxidation in roots of Jimson weed seedlings 24 h after the treatment. Furthermore, both tested concentrations of C. menthifolium aqueous extract induced lipid peroxidation in Jimson weed roots 72 h and 120 h after the treatment. Tested plant extracts did not induce lipid peroxidation process in soybean seedlings. It was observed that S. sclarea aqueous extract showed toxic effect with high mortality rate against R. dominica (above 95%). The results indicate that the plant extracts and natural substances are good candidates to be developed as sources of natural pesticides.
